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(57) ABSTRACT 

A polysiloxane copolymer composition comprises: a polysi 
loxane unit comprising 4 to 50 siloxane units, and a poly 
ester-polycarbonate unit consisting of 50 to 100 mole per 
cent of arylate ester units, less than 50 mole percent aromatic 
carbonate units, less than 30 mole percent resorcinol car 
bonate units, and less than 35 mole percent bisphenol 
carbonate units, Wherein the siloxane units are present in the 
polysiloxane unit in an amount of 0.2 to 10 Wt % of the total 
Weight of the polysiloxane copolymer composition, and 
Wherein the polysiloxane copolymer composition has a 2 
minute integrated heat release rate of less than or equal to 65 
kilowatt-minutes per square meter (kW-min/m2) and a peak 
heat release rate of less than 65 kilowatts per square meter 
(kW/m2) as measured using the method of FAR P254, in 
accordance With Federal Aviation Regulation FAR 25.853 
(d). A WindoW article for an aircraft, comprising the polysi 
loxane copolymer composition, is also disclosed. 
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FIG. 10 
Delta Yl v Siloxane Level 

....\ O I 

y = 1.6267X + 7.8924 

R2= 0.9987 

Change in Yeliowness (dYl) after Weathering 
O N g (D 00 l 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 

% Siloxane 

.9 0 

El 74/8/18 ITR/RS CO/BPA CO 



Patent Application Publication Jun. 7, 2007 Sheet 6 0f 7 

Absorbance 

US 2007/0129492 A1 

FIG. 11 
UV-Vis Spectra of UVA Containing Film 
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FIG. 13 
PeakHeat Release Rate versus Cap Layer Thickness 
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POLYSILOXANE COPOLYMERS, 
THERMOPLASTIC COMPOSITION, AND 
ARTICLES FORMED THEREFROM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/821,598, ?led Aug. 7, 2006, and 
is a continuation-in-part of copending US. application Ser. 
No. 11/426,680, ?led Jun. 27, 2006, Which is a continuation 
in-part of copending US. application Ser. No. 11/025,635, 
?led Dec. 29, 2004, Which is a continuation-in-part of US. 
Pat. No. 6,861,482, issued Mar. 1, 2005, Which is a con 
tinuation-in-part ofU.S. Pat. No. 6,610,409, issued Aug. 26, 
2003, Which is a continuation-in-part of US. Pat. No. 
6,306,507, issued Oct. 23, 2001, Which claims the bene?t of 
US. Provisional Application No. 60/134,692, ?led May 18, 
1999, and Which applications are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] This disclosure relates to polysiloxane copolymers, 
thermoplastic compositions comprising these, methods of 
manufacture, and articles and uses thereof. 

[0003] Plastic materials are Widely used for fabricating 
components used in the interior of vehicles designed to 
move large numbers of people (e.g., commercial aircraft, 
ships, and trains). It is desirable for such materials, particu 
larly Where they are used in aircraft, to have excellent ?ame 
retardant properties and to release only loW levels of heat 
and smoke When exposed to a ?ame. According to the 
Federal Aviation Regulations (FAR), speci?c ?ame retardant 
properties of interest for plastic components used in the 
interior of aircraft include at minimum a loW heat release 
rate (referred to as the OSU 65/65 standard), loW smoke 
density, and loW toxicity of combustion products. In the 
event of a ?re, components made from materials having 
these properties can increase the amount of time available 
that the passengers Would have to escape, provide for better 
visibility during a ?re, and reduce the toxicity of the 
emissions. Plastic materials that are useful in such applica 
tions generally must also have good processability for 
forming the components, and desirable physical properties 
such as surface ?nish, toughness to minimiZe the propensity 
of the parts to crack during use or secondary operations, 
Weatherability, and transparency Where desired. 

[0004] In addition, it is desirable for these materials to 
have an intrinsic ?ame retardance that may be enhanced by 
addition of ?ame retardants. Plastic materials that meet such 
criteria desirably have ?ame retardant properties that are 
improved over the ?ame retardant properties of typical 
commercially available thermoplastic compositions. 

[0005] Isophthalate-terephthalate-resorcinol (ITR) based 
polyarylate copolymers can possess many of these desired 
features, including toughness, transparency, and Weather 
ability. ITR based polyarylate copolymers can have desir 
able thermal ?oW properties and are useful in a variety of 
manufacturing processes. In addition, ITR based polyarylate 
copolymers can have desirable solubility properties for the 
manufacture of polyarylate copolymers on a commercial 
scale using interfacial polymerization techniques. These 
polymeriZation techniques alloW synthetic ?exibility and 
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composition speci?city toWard the synthesis of polyarylate 
copolymers With a target molecular Weight and molecular 
composition. 

[0006] There accordingly remains a need in the art for 
polyarylates having good intrinsic heat release rate perfor 
mance, and loW haZe for use in thermoplastic compositions. 
In addition, the polyarylates may have good melt stability, 
solubility, and ductility. The thermoplastic compositions 
prepared therefrom also desirably have good color capabil 
ity, Weatherability, and gloss retention. 

SUMMARY OF THE INVENTION 

[0007] The above de?ciencies in the art are alleviated by, 
in an embodiment, a WindoW article comprising a frame and 
a sheet supported by the frame, Wherein the sheet comprises 
a polysiloxane copolymer composition comprising: a.) a 
polysiloxane unit of the formula: 

of the formula: 

Wherein E is 4 to 50; each R is the same or different and is 
a Cl_ 13 monovalent organic group, and each R2 is indepen 
dently a divalent Cl_3O alkylene or C7_3O arylene-alkylene; 
andAr is a C6_3O arylene group; and b.) an arylate-containing 
unit consisting of: 50 to 100 mole percent of arylate ester 
units, less than 50 mole percent aromatic carbonate units, 
less than 30 mole percent resorcinol carbonate units, and less 
than 35 mole percent bisphenol carbonate units, Wherein the 
siloxane units of the polysiloxane unit are present in the 
polysiloxane copolymer composition in an amount of 0.2 to 
10 Wt % based on the Weight of the polysiloxane copolymer 
composition, Wherein the properties of the polysiloxane 
composition are such that it can be molded into a test chip 
having a thickness of 2.010. 12 millimeters that has a haZe of 
less than or equal to 3%, according to ASTM D1003-00, and 
Wherein the sheet has a 2 minute integrated heat release rate 
of less than or equal to 65 kiloWatt-minutes per square meter 
(kW-min/m2) and a peak heat release rate of less than 65 
kiloWatts per square meter (kW/m2) as measured using the 
method of FAR P254, in accordance With Federal Aviation 
Regulation FAR 25.853 (d). 

[0008] In another embodiment, a WindoW article consists 
essentially of a frame and a sheet supported by the frame, 
Wherein the sheet consists essentially of: a.) 50 to 100 
percent by Weight of a polysiloxane copolymer composition 
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comprising: i.) a polysiloxane unit comprising siloxane 
units, wherein the polysiloxane unit is of the formula: 

or the polysiloxane unit is of the formula: 

Wherein E is 4 to 50, each R is the same or different and is 
a Cl_l3 monovalent organic group, Ar is a C6_3O arylene 
group, and each R2 is independently a divalent Cl_3O alky 
lene or C7_3O arylene-alkylene; and ii.) an arylate-containing 
unit consisting of: 50 to 100 mole percent of arylate ester 
units, less than 50 mole percent aromatic carbonate units, 
less than 30 mole percent resorcinol carbonate units, and less 
than 3 mole percent bisphenol carbonate units, Wherein the 
siloxane units of the polysiloxane unit are present in the 
polysiloxane copolymer composition in an amount of 0.2 to 
10 Wt % based on the Weight of the polysiloxane copolymer 
composition, b.) 0 to 50 percent by Weight of an additional 
polymer not identical to the polysiloxane copolymer com 
position; and c.) 0 to 1 percent by Weight of a ?ame 
retardant, Wherein the Weight percentages of each of the 
polysiloxane copolymer composition, the additional poly 
mer, and the ?ame retardant are based on the total Weight of 
polysiloxane copolymer composition, additional polymer, 
and ?ame retardant, Wherein the properties of the polysi 
loxane composition are such that it can be molded into a test 
chip having a thickness of 2010.12 millimeters that has a 
haZe of less than or equal to 3%, according to ASTM 
Dl003-00, and Wherein the sheet has a 2 minute integrated 
heat release rate of less than or equal to 65 kiloWatt-minutes 
per square meter (kW-min/m2) and a peak heat release rate 
of less than 65 kilowatts per square meter (kW/m2) as 
measured using the method of FAR P254, in accordance 
With Federal Aviation Regulation FAR 25.853 (d). 

[0009] In another embodiment, a WindoW article com 
prises a frame and a sheet supported by the frame, Wherein 
the sheet comprises an OSU compliant layer having a hard 
coat disposed on a surface of the OSU compliant layer, 
Wherein the OSU compliant layer comprises a polysiloxane 
copolymer composition comprising: a.) a polysiloxane unit 
of the formula: 
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or of the formula: 

Wherein E is 4 to 50; each R is the same or different and is 

a C1_l3 monovalent organic group, and each R2 is indepen 
dently a divalent Cl_3O alkylene or C7_3O arylene-alkylene; 
andAr is a C6_3O arylene group; and b.) an arylate-containing 
unit consisting of 50 to 100 mole percent of arylate ester 
units, less than 50 mole percent aromatic carbonate units, 
less than 30 mole percent resorcinol carbonate units, and less 
than 35 mole percent bisphenol carbonate units, Wherein the 
siloxane units of the polysiloxane unit are present in the 
polysiloxane copolymer composition in an amount of 0.2 to 
10 Wt % based on the Weight of the polysiloxane copolymer 
composition, Wherein the properties of the polysiloxane 
composition are such that it can be molded into a test chip 
having a thickness of 2.010. 12 millimeters that has a haZe of 

less than or equal to 3%, according to ASTM Dl003-00, and 
Wherein the sheet has a 2 minute integrated heat release rate 
of less than or equal to 65 kiloWatt-minutes per square meter 
(kW-min/m2) and a peak heat release rate of less than 65 
kiloWatts per square meter (kW/m2) as measured using the 
method of FAR P254, in accordance With Federal Aviation 
Regulation FAR 25.853 (d). In another embodiment, the 
WindoW article comprises a frame and a sheet supported by 
the frame, Wherein the sheet further comprises a UV block 
ing layer disposed on both opposing surfaces of the OSU 
compliant layer, and a hard coat disposed on a surface of 
each of the UV blocking layers opposite the OSU compliant 
layer. 

[0010] In another embodiment, an aircraft WindoW com 
prises an outer WindoW, an inner WindoW, a dust cover, and 
a frame, Wherein the outer Window, inner Window, and dust 
cover are secured in the frame such that the inner WindoW is 

disposed betWeen and is substantially coplanar With each of 
the dust cover and the outer WindoW; the outer WindoW and 
inner WindoW are separated by a space; the dust cover and 
the inner WindoW are separated by a space; and Wherein the 
dust cover comprises a polysiloxane copolymer composition 
comprising a.) a polysiloxane unit comprising siloxane 
units, Wherein the polysiloxane unit is of the formula: 
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or of the formula: 

wherein E is 4 to 50; each R is the same or different and is 
a Cl_l3 monovalent organic group, Ar is a C6_3O arylene 
group, and each R2 is independently a divalent Cl_3O alky 
lene or C7_3O arylene-alkylene; and b.) an arylate-containing 
unit consisting of: 50 to 100 mole percent of arylate ester 
units, less than 50 mole percent aromatic carbonate units, 
less than 30 mole percent resorcinol carbonate units, and less 
than 35 mole percent bisphenol carbonate units, Wherein the 
siloxane units of the polysiloxane unit are present in the 
polysiloxane copolymer composition in an amount of 0.2 to 
10 Wt % based on the Weight of the polysiloxane copolymer 
composition, Wherein the properties of the polysiloxane 
composition are such that it can be molded into a test chip 
having a thickness of 2010.12 millimeters that has a haZe of 
less than or equal to 3%, according to ASTM D1003 -00, and 
Wherein the dust cover has a 2 minute integrated heat release 
rate of less than or equal to 65 kiloWatt-minutes per square 
meter (kW-min/m2) and a peak heat release rate of less than 
65 kiloWatts per square meter (kW/m2) as measured using 
the method of FAR F25.4, in accordance With Federal 
Aviation Regulation FAR 25.853 (d). 

[0011] In another embodiment, a plastic mirror, comprises 
a polymer layer, a hard coat disposed on a surface of the 
polymer layer, and a metal layer disposed on a surface of the 
polymer layer opposite the hard coat, Wherein the polymer 
layer comprises a polysiloxane copolymer composition 
comprising a.) a polysiloxane unit comprising siloxane 
units, Wherein the polysiloxane unit is of the formula: 

or of the formula: 

Wherein E is 4 to 50; each R is the same or different and is 
a Cl_l3 monovalent organic group, Ar is a C6_3O arylene 
group, and each R2 is independently a divalent Cl_3O alky 
lene or C7_3O arylene-alkylene; and b.) an arylate-containing 
unit consisting of: 50 to 100 mole percent of arylate ester 
units, less than 50 mole percent aromatic carbonate units, 
less than 30 mole percent resorcinol carbonate units, and less 
than 35 mole percent bisphenol carbonate units, Wherein the 
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siloxane units of the polysiloxane unit are present in the 
polysiloxane copolymer composition in an amount of 0.2 to 
10 Wt % based on the Weight of the polysiloxane copolymer 
composition, Wherein the properties of the polysiloxane 
composition are such that it can be molded into a test chip 
having a thickness of 2.010. 12 millimeters that has a haZe of 
less than or equal to 3%, according to ASTM D1003-00, and 
Wherein the plastic mirror has a 2 minute integrated heat 
release rate of less than or equal to 65 kiloWatt-minutes per 
square meter (kW-min/m2) and a peak heat release rate of 
less than 65 kiloWatts per square meter (kW/m2) as mea 
sured using the method of FAR F25.4, in accordance With 
Federal Aviation Regulation FAR 25.853 (d). 

[0012] A description of the ?gures, Which are meant to be 
exemplary and not limiting, is provided beloW. 

BRIEF DESCRIPTION OF THE FIGURES 

[0013] FIG. 1 is a diagram of a hard coated sheet; 

[0014] FIG. 2 is a diagram of a hard coated sheet; 

[0015] FIG. 3 is a diagram of a WindoW article for an 
aircraft; 
[0016] FIG. 4 is a diagram of a WindoW article for an 
aircraft; 
[0017] FIG. 5 is a diagram of a multilayer sheet or ?lm; 

[0018] FIG. 6 is a diagram of a multilayer sheet or ?lm; 

[0019] FIG. 7 is a diagram of a plastic mirror; 

[0020] FIG. 8 is a plot of OSU performance versus silox 
ane loading at a constant unit siZe; 

[0021] FIG. 9 is a plot of OSU performance versus silox 
ane unit length at a constant siloxane loading; 

[0022] FIG. 10 is a plot of color shift versus eugenol 
siloxane level; 

[0023] FIG. 11 is a plot of UV-VIS absorbance spectra for 
UVA-containing ?lms; 
[0024] FIG. 12 is a plot of OSU performance versus 
cap-layer thickness; 
[0025] FIG. 13 is a plot of peak heat release versus 
cap-layer thickness; and 

[0026] FIG. 14 is a plot of UV absorbance versus ?lm 
thickness for cap-layers. 

[0027] The above described and other features are exem 
pli?ed by the folloWing detailed description. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] Surprisingly, a polysiloxane copolymer composi 
tion comprising polyarylate units, carbonate units, and loW 
levels (less than or equal to 10 Wt %) of polysiloxane units 
having relatively loW numbers of siloxane repeat units (i.e., 
4 to 50 siloxane units) and distributed in the polyester unit, 
polycarbonate unit, or in both the polyester and polycarbon 
ate units, has a loW OSU 65/65 heat release rate as deter 
mined by combustion of an article consisting of the polysi 
loxane copolymer composition. Polysiloxane copolymer 
compositions of these compositions may be prepared by any 
knoWn polycarbonate, polyester, or polyester-polycarbonate 
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reaction, and the resulting polymer may be opaque, trans 
lucent, or transparent. The polysiloxane copolymer compo 
sition also desirably meets the PAR requirements for loW 
smoke density and levels of toxic combustion by-products. 
The polysiloxane copolymer composition can be used to 
prepare, for example, transparent components for use in 
commercial jet aircraft, such as the transparent dust cover 
for covering the cabin side of an aircraft WindoW, to give 
these components signi?cantly improved ?re safety proper 
ties While maintaining excellent transparency. 

[0029] As used herein, the term “alkyl” refers to a straight 
or branched chain monovalent hydrocarbon group; “alky 
lene” refers to a straight or branched chain divalent hydro 
carbon group; “alkylidene” refers to a straight or branched 
chain divalent hydrocarbon group, With both valences on a 
single common carbon atom; “alkenyl” refers to a straight or 
branched chain monovalent hydrocarbon group having at 
least tWo carbons joined by a carbon-carbon double bond; 
“cycloalkyl” refers to a non-aromatic monovalent monocy 
clic or multicyclic hydrocarbon group having at least three 
carbon atoms, “cycloalkylene” refers to a non-aromatic 
alicyclic divalent hydrocarbon group having at least three 
carbon atoms, With at least one degree of unsaturation; 
“aryl” refers to an aromatic monovalent group containing 
only carbon in the aromatic ring or rings; “arylene” refers to 
an aromatic divalent group containing only carbon in the 
aromatic ring or rings; “alkylaryl” refers to an aryl group 
that has been substituted With an alkyl group as de?ned 

above, With 4-methylphenyl being an exemplary alkylaryl 
group; “arylalkyl” refers to an alkyl group that has been 
substituted With an aryl group as de?ned above, With benZyl 
being an exemplary arylalkyl group; “acyl” refers to a an 
alkyl group as de?ned above With the indicated number of 
carbon atoms attached through a carbonyl carbon bridge 
(4C(=O)i); “alkoxy” refers to an alkyl group as de?ned 
above With the indicated number of carbon atoms attached 
through an oxygen bridge (40*); and “aryloxy” refers to 
an aryl group as de?ned above With the indicated number of 
carbon atoms attached through an oxygen bridge (40*). 

[0030] Unless otherWise indicated, each of the foregoing 
groups may be unsubstituted or substituted, provided that 
the substitution does not signi?cantly adversely affect syn 
thesis, stability, or use of the compound. The term “substi 
tuted” as used herein means that any at least one hydrogen 
on the designated atom or group is replaced With another 
group, provided that the designated atom’s normal valence 
is not exceeded. When the substituent is oxo (i.e., =O), then 
tWo hydrogens on the atom are replaced. Also as used herein, 
the term “combination” is inclusive of blends, mixtures, 
alloys, reaction products, and the like. Combinations of 
substituents and/or variables are permissible provided that 
the substitutions do not signi?cantly adversely affect syn 
thesis or use of the compound. 

[0031] The polysiloxane copolymer composition com 
prises arylate-containing units that may comprise aromatic 
carbonate units. The aromatic carbonate units may also be 
referred to as polycarbonate units. As used herein, the terms 
“polycarbonate , polycarbonate resin”, and “polycarbonate 
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unit” mean a composition having repeating structural car 
bonate units of the formula (1): 

(1) 
O 

in Which greater than or equal to 60 percent of the total 
number of R1 groups are aromatic organic groups and the 
balance thereof are aliphatic or alicyclic groups. The aro 
matic organic groups may be derived from dihydroxy aro 
matic compounds, including resorcinols or bisphenols. In an 
embodiment, each R1 is a C6_3O arylene group. In another 
embodiment, each R1 is a group of the formula (2): 

-Al-Yl-A2 (2) 

Wherein each of Al and A2 is a monocyclic divalent aryl 
group and Y1 is a bridging group having one or tWo atoms 
that separate A1 from A2. In an exemplary embodiment, one 
atom separates A1 from A2. Illustrative non-limiting 
examples of bridging groups of this type are iOi, iSi, 
iS(O)i, iS(O)2i, 4C(O)i, methylene, cyclohexyl 
methylene, 2-[2.2.l]-bicycloheptylidene, ethylidene, isopro 
pylidene, neopentylidene, cyclohexylidene, cyclopentade 
cylidene, cyclododecylidene, and adamantylidene. The 
bridging group Y1 may be a hydrocarbon group or a satu 
rated hydrocarbon group such as methylene, cyclohexy 
lidene, or isopropylidene. In another embodiment, Y1 is a 
carbon-carbon bond (—) connecting Al and A2. An example 
of an R1 of formula (2) that has a carbon-carbon bond 
connecting Al and A2 is the group derived from 4,4'-biphe 
nol. In an embodiment, the R1 groups are desirably mini 
mally substituted With hydrocarbon-containing substituents 
such as, for example, alkyl, alkoxy, or alkylene substituents. 

[0032] Polycarbonates may be produced by the interfacial 
reaction of dihydroxy aromatic compounds having the for 
mula HOiRl4OH, Which includes dihydroxy aromatic 
compounds of formula (3), also referred to herein as a 
bisphenol: 

HO-AI-YI-AZ-OH (3) 

Wherein Y1, Al and A2 are as described above. Also included 
are the more speci?c bisphenol compounds of general 
formula (4): 

(4) 
(R01, (Rb)q 

Wherein Ra and Rb each represent a halogen atom or a 
monovalent hydrocarbon group and may be the same or 
different; p and q are each independently integers of 0 to 4. 
It Will be understood herein that Where no substituent group 
is speci?ed for an atom, for example Where p is 0 in formula 
(4), the unspeci?ed valency or valencies Will be occupied by 
a hydrogen atom or atoms suf?cient to ?ll the unspeci?ed 
valency or valencies, unless otherWise speci?ed. Also, in 
formula (4), Xa represents one of the groups of formula (5). 
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(5) 
R° Re 

| || 
— C — OI — C — Or 

[.1 

RP Rq 

wherein RC and R“1 are each independently hydrogen, Cl_l2 
alkyl, cyclic Cl_l2 alkyl, C7_l2 arylalkyl, Cl_l2 heteroalkyl, 
or cyclic C7_l2 heteroarylalkyl, and Re is a divalent Cl_l2 
hydrocarbon group. 

[0033] In an embodiment, Xa is a Cl_l8 alkylene group, a 
C3_l8 cycloalkylene group, a fused C6_l8 cycloalkylene 
group, or a group of the formula iBIiWiBZi Wherein 

B1 and B2 are the same or different Cl_6 alkylene group and 
W is a C3_l2 cycloalkylidene group or a C6_l6 arylene group. 

[0034] In another embodiment, Xa is an acyclic Cl_l8 
alkylidene group, a C3_ 18 cycloalkylidene group, or a C2_l8 
heterocycloalkylidene group, i.e., a cycloalkylidene group 
having up to three heteroatoms in the ring, Wherein the 
heteroatoms include iOi, iSi, or iN(Z)-, Where Z is 
hydrogen, halogen, hydroxy, Cl_l2 alkyl, Cl_l2 alkoxy, or 
Clrlzacyl. 
[0035] In still another embodiment, Xa is a substituted 
C37l8 cycloalkylidene of the formula (5), Wherein Rr, RP, Rq, 
and Rt are independently hydrogen, halogen, oxygen, or 
Cl’l2 organic groups; I is a direct bond, a carbon, or a divalent 
oxygen, sulfur, or iN(Z)- Where Z is hydrogen, halogen, 
hydroxy, Cl_l2 alkyl, Cl_l2 alkoxy, or Cl_l2 acyl; h is 0 to 2, 
j is l or 2, i is an integer ofO or 1, and k is an integer of0 
to 3, With the proviso that at least tWo of Rr, RP, Rq, and Rt 
taken together are a fused cycloaliphatic, aromatic, or het 
eroaromatic ring. It Will be understood that Where the fused 
ring is aromatic, the ring as shoWn in formula (5) Will have 
an unsaturated carbon-carbon linkage Where the ring is 
fused. When k is one and i is 0, the ring as shoWn in formula 
(5) contains 4 carbon atoms, When k is 2, the ring as shoWn 
contains 5 carbon atoms, and When k is 3, the ring contains 
6 carbon atoms. In one embodiment, tWo adjacent groups 
(e. g., Rq and Rt taken together) form an aromatic group, and 
in another embodiment, Rq and Rt taken together form one 
aromatic group and Rr and RP taken together form a second 
aromatic group. 

[0036] Polycarbonates can be derived from bisphenols 
containing cycloalkylidene bridges. Cycloalkylidene 

Jun. 7, 2007 

bridged bisphenols may include, for example, cyclohexy 
lidene-bridged bisphenols corresponding to formula (6): 

(6) 
(Rgh 

(Ra); / (Rbk 

Wherein Ra, Rb and Rg are each independently C H 2 alkyl or 
halogen, r and s are each independently 0 to 4, and t is 0 to 
10. It Will be understood that Ra is hydrogen When r is 0, Rb 
is hydrogen When s is 0, and Rg is hydrogen Whent is 0. The 
substituents Ra, Rb, and Rg may, When comprising an appro 
priate number of carbon atoms, be straight chain, cyclic, 
bicyclic, branched, saturated, or unsaturated. In a speci?c 
embodiment, cyclohexylidene-based bisphenols, for 
example the reaction product of tWo moles of a substituted 
or unsubstituted phenol With one mole of a cyclohexanone 
such as, in an exemplary embodiment, cyclohexanone or a 
hydrogenated isophorone (e.g., 3,3,5-trimethylcyclohexane 
l-one), are useful for making polycarbonate polymers With 
high glass transition temperatures and high heat distortion 
temperatures. Isophorone bisphenol based polymers, includ 
ing polycarbonate copolymers made from non-cyclohexy 
lidene bisphenols and blends of alkyl cyclohexylidene 
bisphenol containing polycarbonates With non-alkyl cyclo 
hexyl bisphenol polycarbonates, are supplied by Bayer Co. 
under the APEC® trade name. 

[0037] Some illustrative, non-limiting examples of suit 
able dihydroxy aromatic compounds include the folloWing: 
4,4'-dihydroxybiphenyl, l,6-dihydroxynaphthalene, 2,6-di 
hydroxynaphthalene, bis(4-hydroxyphenyl)methane, bis(4 
hydroxyphenyl)diphenylmethane, bis(4 -hydroxyphenyl)-l - 
naphthylmethane, l,2-bis(4-hydroxyphenyl)ethane, l,l 
bis (4 -hydroxyphenyl)- l -phenyl ethane, 2 - (4 - 
hydroxyphenyl)-2-(3 -hydroxyphenyl)propane, bis(4 
hydroxyphenyl)phenylmethane, 2,2-bis(4-hydroxy-3 
bromophenyl)propane, l , l - 

bis(hydroxyphenyl)cyclopentane, l, l -bis(4 
hydroxyphenyl)cyclohexane, l,l-bis(4-hydroxy-3 methyl 
phenyl)cyclohexane l , l -bis(4 -hydroxyphenyl)isobutene, 
l,l-bis(4-hydroxyphenyl)cyclododecane, trans-2,3-bis(4 
hydroxyphenyl)-2-butene, 2,2-bis(4-hydroxyphenyl)ada 
mantine, (alpha,alpha'-bis(4-hydroxyphenyl)toluene, bis(4 
hydroxyphenyl)acetonitrile, 2,2-bis(3 -methyl-4 
hydroxyphenyl)propane, 2 ,2 -bis (3 -ethyl-4 - 
hydroxyphenyl)propane, 2,2-bis(3 -n-propyl-4 
hydroxyphenyl)propane, 2,2-bis(3 -isopropyl-4 
hydroxyphenyl)propane, 2,2-bis(3 -sec-butyl-4 
hydroxyphenyl)propane, 2,2-bis(3 -t-butyl-4 
hydroxyphenyl)propane, 2,2-bis(3 -cyclohexyl-4 
hydroxyphenyl)propane, 2,2-bis(3 -allyl-4 
hydroxyphenyl)propane, 2 ,2 -bis (3 -methoxy-4 - 
hydroxyphenyl)propane, 2,2-bis(4 
hydroxyphenyl)hexa?uoropropane, l , l -dichloro-2,2-bis(4 
hydroxyphenyl)ethylene, l , l -dibromo-2,2-bis(4 
hydroxyphenyl)ethylene, l, l -dichloro -2,2-bis(5-phenoxy-4 
hydroxyphenyl)ethylene, 4,4'-dihydroxybenZophenone, 3,3 
bis(4 -hydroxyphenyl)-2-butanone, l,6-bis(4 
hydroxyphenyl)-l ,6-hexanedione, ethylene glycol bis(4 
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hydroxyphenyl)ether, bis(4-hydroxyphenyl)ether, bis(4 
hydroxyphenyl)sul?de, bis(4-hydroxyphenyl)sulfoxide, 
bis(4-hydroxyphenyl)sulfone, 9,9-bis(4-hydroxyphe 
nyl)?uorine, 2,7-dihydroxypyrene, 6,6'-dihydroxy-3,3,3',3' 
tetramethylspiro(bis)indane (“spirobiindane bisphenol”), 
3 ,3 -bis (4 -hydroxyphenyl)phthalide, 2,6 -dihydroxydibenZo - 
p-dioxin, 2,6-dihydroxythianthrene, 2,7-dihydroxyphenox 
athin, 2,7-dihydroxy-9,10-dimethylphenaZine, 3,6-dihy 
droxydibenZofuran, 3,6-dihydroxydibenZothiophene, and 
2,7-dihydroxycarbaZole, and the like, as Well as combina 
tions comprising at least one of the foregoing dihydroxy 
aromatic compounds. 

[0038] Speci?c examples of the types of bisphenol com 
pounds represented by formula (3) include 1,1-bis(4-hy 
droxyphenyl)methane, 1, 1 -bis(4 -hydroxyphenyl)ethane, 
2,2-bis(4-hydroxyphenyl)propane (hereinafter “bisphenol 
A” or “BPA”), 2,2-bis(4-hydroxyphenyl)butane, 2,2-bis(4 
hydroxyphenyl)octane, 1 ,1 -bis(4 -hydroxyphenyl)propane, 
1,1-bis(4 -hydroxyphenyl)n-butane, 2,2-bis(4-hydroxy-1 
methylphenyl)propane, 1 , 1 -bis(4 -hydroxy-t-butylphenyl 
)propane, 3,3-bis(4-hydroxyphenyl)phthalimidine, 2-phe 
nyl-3,3-bis(4-hydroxyphenyl)phthalimidine (PPPBP), and 
1 ,1 -bis(4 -hydroxy-3 -methylphenyl)cyclohexane (DMBPC). 
Combinations comprising at least one of the foregoing 
dihydroxy aromatic compounds may also be used. 

[0039] Another aromatic organic group R1 (that is not a 
bisphenol) is derived from a dihydroxy aromatic compound 
of formula (7): 

Wherein each Rf is independently a halogen atom, a Cl_1O 
hydrocarbon group, or a Cl_1O halogen substituted hydro 
carbon group, and u is 0 to 4. The halogen is usually 
bromine. In an embodiment, compounds of formula (7) in 
Which the ‘OH groups are substituted meta to one another, 
and Wherein Rf and u are as described above, are also 
generally referred to herein as resorcinols. Examples of 
compounds that may be represented by the formula (7) 
include resorcinol (Where u is 0), substituted resorcinol 
compounds such as 5-methyl resorcinol, 5-ethyl resorcinol, 
5-propyl resorcinol, 5-butyl resorcinol, 5-t-butyl resorcinol, 
5-phenyl resorcinol, 5-cumyl resorcinol, 2,4,5,6-tetra?uoro 
resorcinol, 2,4,5,6-tetrabromo resorcinol, or the like; cat 
echol; hydroquinone; substituted hydroquinones such as 
2-methyl hydroquinone, 2-ethyl hydroquinone, 2-propyl 
hydroquinone, 2-butyl hydroquinone, 2-t-butyl hydro 
quinone, 2-phenyl hydroquinone, 2-cumyl hydroquinone, 
2,3,5,6-tetramethyl hydroquinone, 2,3,5,6-tetra-t-butyl hyd 
roquinone, 2,3,5,6-tetra?uoro hydroquinone, 2,3,5,6-tetra 
bromo hydroquinone, or the like; or combinations compris 
ing at least one of the foregoing compounds. In a speci?c 
embodiment, compounds of formula (7) are not substituted, 
With hydrocarbon-containing substituents. In an embodi 
ment, Where a dihydroxyaromatic compound of general 
formula (7) is used, less than or equal to 5 mol %, speci? 
cally less than or equal to 2 mol %, and still more speci? 
cally less than or equal to 1 mol % of the dihydroxyaromatic 
compound has alkyl, alkoxy, or alkylene substituents. 

(7) 
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[0040] In an embodiment, useful polycarbonate units are 
derived from bisphenol compounds of formula (3). In a 
speci?c embodiment, polycarbonate units comprise bisphe 
nol-A carbonate repeat units. In another speci?c embodi 
ment, polycarbonate units may comprise a combination of 
carbonate repeat units derived from dihydroxy aromatic 
compounds of formula (3), formula (4), formula (6), formula 
(7), or a combination comprising at least one of the fore 
going dihydroxy aromatic compounds. Polycarbonates as 
disclosed herein may also include, in addition to homopoly 
carbonates, copolymers comprising different Rl moieties in 
the carbonate and referred to herein as “copolycarbonates”. 
In an embodiment, the bisphenol polycarbonate units com 
prise 0 to 35 mol %, speci?cally 1 to 30 mol %, more 
speci?cally 2 to 25 mol %, and still more speci?cally, 3 to 
20 mol %, of the total Weight of the polysiloxane copolymer 
composition. 

[0041] In an embodiment, the polycarbonate unit is a 
linear homopolymer derived from bisphenol A, in Which 
each of Al and A2 is p-phenylene and Y1 is isopropylidene. 

[0042] The polysiloxane copolymers may have an intrin 
sic viscosity, as determined in chloroform at 250 C., of 0.3 
to 1.5 deciliters per gram (dl/g), speci?cally 0.45 to 1.0 dl/g. 
The polysiloxane copolymers may have a Weight average 
molecular Weight (MW) of 10,000 to 100,000 g/mol, as 
measured by gel permeation chromatography (GPC) using a 
crosslinked styrene-divinyl benZene column, at a sample 
concentration of 1 milligram per milliliter, and as calibrated 
With polycarbonate standards. 

[0043] In an embodiment, the polysiloxane copolymer has 
?oW properties described by the melt volume ?oW rate 
(often abbreviated MVR), Which measures the rate of extru 
sion of a thermoplastic polymer through an ori?ce at a 
prescribed temperature and load. Polysiloxane copolymers 
suitable for use may have an MVR, measured at 3000 C. 
under a load of 1.2 kg according to ASTM D1238-04, of 0.5 
to 80 cubic centimeters per 10 minutes (cc/ 10 min). In a 
speci?c embodiment, an exemplary polycarbonate has an 
MVR measured at 3000 C. under a load of 1.2 kg according 
to ASTM D1238-04, of 0.5 to 100 cc/10 min, speci?cally 1 
to 75 cc/10 min, and more speci?cally 1 to 50 cc/ 10 min. 
Combinations of polycarbonates of different ?oW properties 
may be used to achieve the overall desired ?oW property. 

[0044] In an embodiment, a molded test chip article hav 
ing a thickness of 2.010. 12 millimeters and consisting of the 
polysiloxane copolymer may have a light transmittance 
greater than or equal to 70%, speci?cally greater than or 
equal to 80% and more speci?cally greater than or equal to 
85%, according to ASTM D1003-00. In another embodi 
ment, the test chip article having a thickness of 2010.12 
millimeters and consisting of the polycarbonate can have a 
haZe less than or equal to 10%, speci?cally less than or equal 
to 5%, and most speci?cally less than or equal to 3%, 
according to ASTM D1003-00. 

[0045] The polysiloxane copolymer composition com 
prises a polyester unit, in addition to the optional recurring 
carbonate chain units of the formula (1). As disclosed herein, 
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polyester units or polymers comprise repeating ester units of 
formula (8): 

(3) 
0 

|| 

Wherein D is a divalent group derived from a dihydroxy 
compound, and may be, for example, a C6_2O alicyclic group 
or a C6_2O aromatic group; and T is a divalent group derived 
from a dicarboxylic acid, and may be, for example, a C6_2O 
alicyclic group, a C6_2O alkylene-arylene group, or a C6_2O 
arylene group. In a speci?c embodiment, T is a C6_2O arylene 
group. In an embodiment, D is derived from a dihydroxy 
aromatic compound comprising formula (3), formula (4), 
formula (6), formula (7), or a combination comprising at 
least one of the foregoing dihydroxy aromatic compounds. 
The D and T groups are desirably minimally substituted With 
hydrocarbon-containing substituents such as alkyl, alkoxy, 
or alkylene substituents. In an embodiment, less than 5 mol 
%, speci?cally less than or equal to 2 mol %, and still more 
speci?cally less than or equal to 1 mol % of the combined 
number of moles of D and T groups are substituted With 
hydrocarbon-containing substituents such as alkyl, alkoxy, 
or alkylene substituents. 

[0046] Examples of aromatic dicarboxylic acids from 
Which the T group in the ester unit of formula (8) is derived 
include isophthalic or terephthalic acid, 1,2-di(p-carbox 
yphenyl)ethane, 4,4'-dicarboxydiphenyl ether, 4,4'-bisben 
Zoic acid, and combinations comprising at least one of the 
foregoing acids. Acids containing fused rings can also be 
present, such as in 1,4-, 1,5-, or 2,6-naphthalenedicarboxylic 
acids. Speci?c dicarboxylic acids are terephthalic acid, 
isophthalic acid, naphthalene dicarboxylic acid, cyclohex 
ane dicarboxylic acid, or combinations thereof. A speci?c 
dicarboxylic acid comprises a combination of isophthalic 
acid and terephthalic acid Wherein the Weight ratio of 
isophthalic acid to terephthalic acid is 99:1 to 1:99. 

[0047] In an embodiment, the arylate ester units of the 
arylate-containing units are derived from the reaction prod 
uct of one equivalent of an isophthalic acid derivative and/or 
terephthalic acid derivative. In such an embodiment, the 
arylate units are as illustrated in formula (9): 

(9) 

(11% ‘If 0 
o //| o—c I \ || —C 

\ / m 

Wherein Rf and u are previously de?ned for formula (7), and 
m is greater than or equal to 4. In an embodiment, m is 4 to 
50, speci?cally 5 to 30, more speci?cally 5 to 25, and still 
more speci?cally 10 to 20. Also in an embodiment, m is less 
than or equal to 100, speci?cally less than or equal to 90, 
more speci?cally less than or equal to 70, and still more 
speci?cally less than or equal to 50. It Will be understood 
that the loW and high endpoint values for m are indepen 
dently combinable. In another embodiment, the molar ratio 
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of isophthalate to terephthalate can be about 0.25:1 to about 
4.0:1. In a speci?c embodiment, the arylate ester units 
consist of isophthalate-terephthalate ester units. In another 
embodiment, the arylate ester units are derived from the 
reaction product of one equivalent of an isophthalic acid 
derivative and/ or a terephthalic acid derivative With a resor 
cinol of formula (7). Such arylate ester units correspond to 
formula (14) beloW wherein R1 is derived from resorcinol. 

[0048] Exemplary arylate ester units are aromatic polyes 
ter units such as isophthalate-terephthalate-resorcinol ester 
units, isophthalate-terephthalate-bisphenol ester units, or a 
combination comprising each of these. Speci?c arylate ester 
units include poly(isophthalate-terephthalate-resorcinol)est 
ers, poly(isophthalate-terephthalate-bisphenol-A)esters, 
poly[(isophthalate-terephthalate-resorcinol)ester-co-(isoph 
thalate-terephthalate-bisphenol-A)]ester, or a combination 
comprising at least one of these. In an embodiment, a useful 
arylate ester unit is a poly(isophthalate-terephthalate-resor 
cinol)ester. In an embodiment, the arylate ester unit com 
prises isophthalate-terephthalate-resorcinol ester units in an 
amount greater than or equal to 95 mol %, speci?cally 
greater than or equal to 99 mol %, and still more speci?cally 
greater than or equal to 99.5 mol % based on the total 
number of moles of ester units in the polyarylate unit. In 
another embodiment, the arylate ester units are not substi 
tuted With non-aromatic hydrocarbon-containing substitu 
ents such as, for example, alkyl, alkoxy, or alkylene sub 
stituents. 

[0049] In one embodiment, polysiloxane copolymer com 
positions as disclosed herein are Weatherable compositions 
comprising isophthalate-terephthalate-resorcinol ester units. 
It is knoWn in the art that exposure of isophthalate-tereph 
thalate esters such as (10) to ultraviolet radiation can cause 
a rapid, photochemically-induced rearrangement knoWn as a 
Photo-Fries rearrangement, to form the 2-hydroxy ben 
Zophenone of formula (11) at the surface, Which acts as an 
ultraviolet absorber and stabiliZer for the underlying poly 
mer. Compositions comprising resorcinol ester units thus 
also undergo only a sloW Photo-Fries rearrangement beloW 
the surface of the composition, and so are both resistant to 
Weathering and are suitable for use in the thermoplastic 
compositions disclosed herein. 
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[0050] Other ester units, such as bisphenol-containing 
ester units of formula (12), also undergo Photo-Fries rear 
rangement to form the corresponding 2-hydroxy benZophe 
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none having formula (13). Because of the electronic struc 
ture of these species, there is a greater absorption of light at 
a Wavelength of about 400 nm. As a result, the transmitted 
or re?ected light has an observable and undesirable more 
yelloW color than other structures such as the structure 
represented by formula (11), measurable by yelloWing index 
(“YI”). Thus, for Weatherable applications, it is further 
desirable to minimiZe the number of bisphenol ester units 
present in such resins and articles derived therefrom. 

H3C\ /CH3 
0 C 

I I U \ l, 
I /C\o o 
/ 

(12) 

j] 0 HC CH 

c \ Q 3 \C/ 3 
| / 
/ 

OH 0 
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[0051] In an embodiment, the arylate ester units are poly 
ester-polycarbonate units having the structure shoWn in 
formula (14): 

(14) 

Wherein Rf, u, and m are as de?ned in formula (9), each R1 
is independently a C6_30 arylene group, and n is greater than 
or equal to one. In an embodiment, n is from 3 to 50, 
speci?cally from 5 to 25, and more speci?cally from 5 to 20. 
Also, in an embodiment, n is less than or equal to 50, 
speci?cally less than or equal to 25, and more speci?cally 
less than or equal to 20. It Will be understood that the 
endpoint values for n are independently combinable. In an 
embodiment, m is from 5 to 75, speci?cally from 5 to 30, 
and more speci?cally from 10 to 25. In a speci?c embodi 
ment, In is 5 to 75, andn is 3 to 50. In a speci?c embodiment, 
m is 10 to 25, and n is 5 to 20. In an embodiment, the 
polyester-polycarbonate unit is the reaction product of a 
combination of isophthalic and terephthalic diacids (or 
derivatives thereof) With a dihydroxy compound of formula 
(7), Wherein the molar ratio of isophthalate units to tereph 
thalate units is 99:1 to 1:99, speci?cally 95:5 to 5:95, more 
speci?cally 90: 10 to 10:90, and still more speci?cally 80:20 
to 20:80. In an embodiment, the molar ratio of the isoph 
thalate-terephthalate ester units to the carbonate units in the 
polyester-polycarbonate can be 1:99 to 99:1, speci?cally 
5:95 to 90:10, more speci?cally 10:90 to 80:20. 
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[0052] In a speci?c embodiment, the polyester polycar 
bonate unit comprises resorcinol carbonate units, derived 
from resorcinols of formula (7), and having formula (15): 

(15) 

(Riki 

Wherein Rf and u are as described above, and 11a is greater 
than or equal to 1. In another embodiment, a polyester 
polycarbonate unit further comprises bisphenol carbonate 
units derived from bisphenols of formulas (4) and (6), 
having formula (16) 

(16) 

Wherein Ra and Rb are each individually Cl_8 alkyl, RC and 
R“1 are individually C1_8 alkyl or C1_8 cycloalkylene, p and q 
are 0 to 4, and 11b is greater than or equal to one. In another 
embodiment, the polyester-polycarbonate unit comprises 
resorcinol carbonate units of formula (15) and bisphenol 
carbonate units of formula (16), in a molar ratio of resorcinol 
carbonate units to bisphenol carbonate units of 1:99 to 
100:0. In a speci?c embodiment, the polyester-polycarbon 
ate units are derived from resorcinol (i.e., 1,3-dihydroxy 
benZene) or a combination comprising resorcinol and 
bisphenol-A. In a speci?c embodiment, the polyester-poly 
carbonate unit is a poly(isophthalate-terephthalate-resorci 
nol ester)-co-(resorcinol carbonate)-co-(bisphenol-A car 
bonate) polymer. 

[0053] The polysiloxane copolymer composition desir 
ably comprises a minimum amount of saturated hydrocarbon 
present in the form of substituents or structural groups such 
as bridging groups or other connective groups. In another 
embodiment, less than or equal to 25 mol %, speci?cally less 
than or equal to 15 mol %, and still more speci?cally less 
than or equal to 10 mol % of the combined arylate ester units 
and carbonate units comprise alkyl, alkoxy, or alkylene 
groups. In a speci?c embodiment, Where the polysiloxane 
copolymer composition comprises carbonate units, less than 
or equal to 25 mol %, speci?cally less than or equal to 15 
mol %, and still more speci?cally less than or equal to 10 
mol % of the carbonate units comprising alkyl, alkoxy, or 
alkylene groups, based on the combined moles of arylate 
ester units and carbonate units. In another embodiment, the 
arylate ester units and the carbonate units are not substituted 
With non-aromatic hydrocarbon-containing substituents 
such as, for example, alkyl, alkoxy, or alkylene substituents. 

[0054] In an embodiment, the arylate-containing units of 
the polysiloxane copolymer composition consist of 50 to 
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100 mole percent (mol %) of arylate ester units, speci?cally 
58 to 90 mol % arylate ester units; 0 to 50 mol % aromatic 
carbonate units (e.g., resorcinol carbonate units, bisphenol 
carbonate units and other carbonate units such as aliphatic 
carbonate units); 0 to 30 mol % resorcinol carbonate units, 
speci?cally 5 to 20 mol % resorcinol carbonate units; and 0 
to 35 mol % bisphenol carbonate units, speci?cally 5 to 35 
mol % bisphenol carbonate units. 

[0055] In an exemplary embodiment, the arylate-contain 
ing unit is a polyester-polycarbonate unit that may have an 

MW of 2,000 to 100,000 g/mol, speci?cally 3,000 to 75,000 
g/mol, more speci?cally 4,000 to 50,000 g/mol, more spe 
ci?cally 5,000 to 35,000 g/mol, and still more speci?cally 
17,000 to 30,000 g/mol. Molecular Weight determinations 
are performed using GPC using a crosslinked styrene 
divinyl benZene column, at a sample concentration of 1 
milligram per milliliter, and as calibrated With polycarbonate 
standards. Samples are eluted at a How rate of about 1.0 

ml/min With methylene chloride as the eluent. 

[0056] The polysiloxane copolymer composition further 
comprises a polysiloxane (also referred to herein as “poly 
diorganosiloxane”) unit, in addition to the arylate-containing 
units. Polysiloxane units comprise repeating siloxane units 
(also referred to herein as “diorganosiloxane units”) of 
formula (17): 

I 
TiO 
R E 

Wherein each occurrence of R is same or different, and is a 

Cl_l3 monovalent organic group. For example, R may inde 
pendently be a Cl_l3 alkyl group, Cl_l3 alkoxy group, C2_l3 
alkenyl group, C2_ 13 alkenyloxy group, C3_6 cycloalkyl 
group, C3_6 cycloalkoxy group, C6_l4 aryl group, C6_1O 
aryloxy group, C7_l3 arylalkyl group, C7_ 13 arylalkoxy 
group, C7_l3 alkylaryl group, or C7_l3 alkylaryloxy group. 
The foregoing groups may be fully or partially halogenated 
With ?uorine, chlorine, bromine, or iodine, or a combination 
thereof. Combinations of the foregoing R groups may be 
used in the same copolymer. In an embodiment, the polysi 
loxane comprises R groups that have a minimum hydrocar 
bon content. In a speci?c embodiment, an R group With a 
minimum hydrocarbon content is a methyl group. 

(17) 

[0057] The value of E in formula (17) may vary Widely 
depending on the type and relative amount of each compo 
nent in the thermoplastic composition, the desired properties 
of the composition, and like considerations. Herein, E has an 
average value of 4 to 50. In an embodiment, E has an 
average value of 16 to 50, speci?cally 20 to 45, and more 
speci?cally 25 to 45. In another embodiment, E has an 
average value of 4 to 15, speci?cally 5 to 15, more speci? 
cally 6 to 15, and still more speci?cally 7 to 10. 
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[0058] In an embodiment, the polydiorganosiloxane units 
are provided by repeating structural units of formula (18): 

(13) 

Wherein E is as de?ned above; each R may independently be 
the same or different, and is as de?ned above; and each Ar 
may independently be the same or different, and is a 
substituted or unsubstituted C6_3O arylene group, Wherein the 
bonds are directly connected to an aromatic moiety. Suitable 
Ar groups in formula (18) may be derived from a C6_3O 
dihydroxy aromatic compound, for example a dihydroxy 
aromatic compound of formula (3), (4), (6), or (7) above. 
Combinations comprising at least one of the foregoing 
dihydroxy aromatic compounds may also be used. Exem 
plary dihydroxy aromatic compounds are resorcinol (i.e., 
1 ,3 -dihydroxyb enZene), 4-methyl -1 ,3 -dihydroxyb enZene, 
5 -methyl- 1 ,3-dihydroxybenZene, 4,6-dimethyl- 1 ,3 -dihy 
droxybenZene, 1,4-dihydroxybenZene, 1,1-bis(4-hydrox 
yphenyl)methane, 1,1-bis(4-hydroxyphenyl)ethane, 2,2 
bis(4-hydroxyphenyl)propane, 2,2-bis(4 
hydroxyphenyl)butane, 2,2-bis(4-hydroxyphenyl)octane, 
1 ,1 -bis(4 -hydroxyphenyl)propane, 1 ,1 -bis(4-hydroxyphe 
nyl)n-butane, 2,2-bis(4-hydroxy- 1 -methylphenyl)propane, 
1 ,1 -bis(4 -hydroxyphenyl)cyclohexane, bis(4-hydroxyphe 
nyl sul?de), and 1,1-bis(4-hydroxy-t-butylphenyl)propane. 
Combinations comprising at least one of the foregoing 
dihydroxy compounds may also be used. In an embodiment, 
the dihydroxy aromatic compound is unsubstituted, or is not 
substituted With non-aromatic hydrocarbon-containing sub 
stituents such as, for example, alkyl, alkoxy, or alkylene 
substituents. 

[0059] Units of formula (18) may be derived from the 
corresponding dihydroxy aromatic compound of formula 
(19): 

I 
HO—Ar—O TiO Ar—OH 

R E 

Wherein R, Ar, and E are as described above. In a speci?c 
embodiment, Where Ar is derived from resorcinol, the pol 
ysiloxane has formula (20): 

(19) 

(20) 

1H3 1H3 
0 Ti—O Ti—O 

CH3 E] CH3 

H0 

or, Where Ar is derived from bisphenol-A, the polysiloxane 
has the formula (21) 

OH 
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_ (21) 

_ CH3 _ CH3 CH3 _ CH3 _ 

HO\/ \/OTi_OTi—O\/ \/OH 
CH3 CH3 CH CH3 

- E-l 

Where E for formulas (20) and (21) are as de?ned for 
formula (17), above. 

[0060] In another embodiment, polydiorganosiloxane 
units are units of formula (22): 

Wherein R and E are as described for formula (17), and each 
occurrence of R2 is independently a divalent Cl_3O alkylene 
or C7_3O arylene-alkylene, and Wherein the polymerized 
polysiloxane unit is the reaction residue of its corresponding 
dihydroxy aromatic compound. In a speci?c embodiment, 
Where R2 is C7_3O arylene-alkylene, the polydiorganosilox 
ane units are of formula (23): 

(22) 

(23) 

Wherein R and E are as de?ned for formula (17). Each R3 in 
formula (23) is independently a divalent C2_8 aliphatic 
group. Each M in formula (23) may be the same or different, 
and may be a halogen, cyano, nitro, C1_8 alkylthio, C1_8 
alkyl, C1_8 alkoxy, C2_8 alkenyl, C2_8 alkenyloxy group, C3_8 
cycloalkyl, C3_8 cycloalkoxy, C6_1O aryl, C6_ 10 aryloxy, C7_l2 
arylalkyl, C7_l2 arylalkoxy, C7_l2 alkylaryl, or C7_l2 alky 
laryloxy, Wherein each n is independently 0, 1, 2, 3, or 4. 

[0061] In an embodiment, M is bromo or chloro, an alkyl 
group such as methyl, ethyl, or propyl, an alkoxy group such 
as methoxy, ethoxy, or propoxy, or an aryl group such as 
phenyl, chlorophenyl, or tolyl; R3 is a dimethylene, trim 
ethylene or tetramethylene group; and R is a C1_8 alkyl, 
haloalkyl such as tri?uoropropyl, cyanoalkyl, or aryl such as 
phenyl, chlorophenyl or tolyl. In another embodiment, R is 
methyl, or a combination of methyl and tri?uoropropyl, or a 
combination of methyl and phenyl. In still another embodi 
ment, M is methoxy, n is 0 or 1, R3 is a divalent C l_3 aliphatic 
group, and R is methyl. 

[0062] Units of formula (23) may be derived from the 
corresponding dihydroxy polydiorganosiloxanes (24): 

Wherein R, E, M, R3, and n are as described for formula (23). 

[0063] In a speci?c embodiment, the dihydroxy oligodior 
ganosiloxane has the structure given in formula (25): 

(25) 

Ho 

0 $H3 CH3 / 

H3C si—o si /CH3 
CH3 E] CH3 0 

0H 

Where E is as described for formula (17), above. 

[0064] In another speci?c embodiment, the polydiorga 
nosiloxane units are derived from dihydroxy oligodiorga 
nosiloxanes of formula (26): 

(26) 

1H3 1H3 OH 
Ti—0 Ti 

HO CH3 CH3 

Where E is as de?ned for formula (17), above. 

[0065] In a speci?c embodiment, a hydroxyaromatic end 
capped polysiloxane of general formula (21) (Where Ar is 
derived from bisphenol-A) forms an ester-linked structure 
With a carboxylic acid derivative during formation of the 
polysiloxane copolymer composition, Which has the struc 
ture of formula (27): 
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or, Where a hydroxyaromatic end-capped polysiloxane of 
formula (21) (derived from a bisphenol) is copolymeriZed 
With a carbonate precursor or haloformate, a carbonate 
linked structure is formed in the polysiloxane copolymer 
composition, having the structure of formula (28): 

Jun. 7, 2007 

(27) 
O 

(23) 

or a combination comprising the foregoing polysiloxanes, 
Wherein for both formulas (27) and (28), R and E are as 
described for formula (17), above; T in formula (27) is a 
C6730 arylene group; and R1 in formula (28) is a C6_3O arylene 
group. In an embodiment, T is derived from the reaction 
product of a reactive derivative of isophthalic and/or tereph 
thalic acid. In an embodiment, R1 is derived from the 
carbonate reaction product of a resorcinol of formula (7), or 
a combination of a resorcinol of formula (7) and a bisphenol 
of formula (4). 

[0066] In another speci?c embodiment, a hydroxyaro 
matic end-capped polysiloxane of general formula (19) 
(Where Ar is derived from resorcinol) forms an ester-linked 
structure With a carboxylic acid derivative during formation 
of the polysiloxane copolymer composition, Which has the 
structure of formula (29): 

(29) 

O 

or, Where a hydroxyaromatic end-capped polysiloxane of 
formula (20) (derived from a resorcinol) is copolymeriZed 

With a carbonate precursor or haloformate, a carbonate 
linked structure is formed in the polysiloxane copolymer 
composition, having the structure of formula (30): 

(30) 

0 

wherein for both formulas (29) and (30), R and E are as 
described for formula (17), above; T in formula (29) is a 
C6730 arylene group; and R1 in Formula (30) is a C6_3O arylene 
group. In an embodiment, T is derived from the reaction 
product of a reactive derivative of isophthalic and/or tereph 
thalic acid. In an embodiment, R1 is derived from the 
carbonate reaction product of a resorcinol of formula (7), or 
a combination of a resorcinol of formula (7) and a bisphenol 
of formula (4). 

[0067] In another speci?c embodiment, a hydroxyaro 
matic end-capped polysiloxane of general formula (23) 
Where R3 is trimethylene can form an ester-linked structure 
With a carboxylic acid derivative during formation of the 
polysiloxane copolymer composition, Which has the struc 
ture of formula (31): 
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or, Where a hydroxyaromatic end-capped polysiloxane of 
formula (23) (Where R3 is trimethylene) is copolymeriZed 
With a carbonate precursor or haloformate, a carbonate 
linked structure is formed in the polysiloxane copolymer 
composition, having the structure of formula (32): 

or a combination comprising these polysiloxanes, Wherein 
for both formulas (31) and (32), R and E are as described for 
formula (17), and M and n are as described for formula (23), 
above; T in formula (31) is a C6_3O arylene group; and R1 in 
Formula (32) is a C6_3O arylene group. In an embodiment, T 
is derived from the reaction product of a reactive derivative 
of isophthalic and/or terephthalic acid. As in formula (23), 
the arylene portions of formulas (31) and (32) each have 
connectivity to both of: an oxygen atom, Which provides 
connectivity to the adjacent arylate ester units and/or aro 
matic carbonate units and is derived from a hydroxy group; 
and the alkylene portion of the polysiloxane end group 
Which further has connectivity to both the terminal silicon 
atom of the polysiloxane portion, and the arylene portion of 
the polysiloxane unit. In an embodiment, the oxygen atom 
and the alkylene group connecting the arylene portion to the 
terminal silicon atom of thc polysiloxanc unit may be 
disposed ortho, meta, or para to each other on the arylene 
portions of formulas (31) or (32). In an embodiment, R1 is 
derived from the carbonate reaction product of a resorcinol 
of formula (7), or a combination of a resorcinol of formula 
(7) and a bisphenol of formula (4). 
[0068] Dihydroxy polysiloxanes typically can be made by 
functionaliZing a substituted siloxane oligomer of formula 
(33): 

(33) 

T T 
Z TiO Ti—Z 

(E-l) R 
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(31) 

(32) 

Wherein R and E are as previously de?ned, and Z is H, 
halogen (Cl, Br, I), or carboxylate. Exemplary carboxylates 
include acetate, formate, benZoate, and the like. In an 
exemplary embodiment, Where Z is H, compounds of for 
mula (33) may be prepared by platinum catalyZed addition 
With an aliphatically unsaturated monohydric phenol. Suit 
able aliphatically unsaturated monohydric phenols included, 
for example, eugenol, 2-allylphenol, 4-allyl-2-methylphe 
nol, 4-allyl-2-phenylphenol, 4-allyl-2-bromophenol, 4-allyl 
2-t-butoxyphenol, 4-phenyl-2-allylphenol, 2-methyl-4-pro 
penylphenol, 2-allyl-4,6-dimethylphenol, 2-allyl-4-bromo 
6-methylphenol, 2-allyl-6-methoxy-4-methylphenol, and 
2-allyl-4,6-dimethylphenol. Combinations comprising at 
least one of the foregoing may also be used. Where Z is 
halogen or carboxylate, frmctionalization may be accom 
plished by reaction With a dihydroxy aromatic compound of 
formulas (3), (4), (6), (7), or a combination comprising at 
least one of the foregoing dihydroxy aromatic compounds. 
In an exemplary embodiment, compounds of formula (19) 
may be formed from an alpha,omega-bisacetoxypolydior 
angonosiloxane and a dihydroxy aromatic compound under 
phase transfer conditions. 

[0069] In an embodiment, the polysiloxane copolymer 
composition comprises siloxane units in an amount of 0.5 to 
20 mol %, speci?cally l to 10 mol % siloxane units, based 
on the combined mole percentages of siloxane units, arylate 
ester units, and carbonate units, and provided that siloxane 
units are provided by polysiloxane units covalently bonded 
in the polymer backbone of the polysiloxane copolymer 
composition. 






















































































